The addition of Nd significantly improves the mechanical properties of magnesium alloys. However, only limited amounts of Nd or other rare earth (RE) elements should be used due to their high price. In this study, a low-alloyed Mg-1% Zn-1% Nd (ZN11) alloy was designed and processed by hot extrusion and subsequent equal-channel angular pressing (ECAP) in order to achieve a very fine-grained condition with enhanced strength. The microstructure, texture, and mechanical properties were thoroughly studied. The microstructure after 8 passes through ECAP was homogeneous and characterized by an average grain size of 1.5 µm. A large number of tiny secondary phase precipitates were identified as ordered Guinier-Preston (GP) zones. Detailed analysis of the Schmid factors revealed the effect of the texture on deformation mechanisms. ECAP processing more than doubled the achieved yield compression strength (YCS) of the ZN11 alloy. Significant strengthening by ECAP is caused by grain refinement and the formation of ordered Guinier-Preston zones and particles of a secondary γ-phase.
Introduction
Magnesium materials usually have very low density and high specific strength. The intended applications of lightweight magnesium products are primarily in the automotive or aerospace industries [1] . The addition of alloying elements determines the fundamental properties of the alloys. In our study, we focused on Mg-RE-Zn alloys, namely a Mg-Nd-Zn alloy.
Zn is often utilized as an alloying element in magnesium alloys, because it can improve mechanical properties of Mg alloys by solid solution strengthening [2] . However, for practical purposes in structural parts, the strength and fracture toughness of binary Mg-Zn alloys should be further improved, including at elevated temperatures [3] . It has been reported that rare earth (RE) elements can improve the tensile properties of Mg alloys both at room temperature and at elevated temperatures [4] . Even a low additional content of Nd can result in significant increases in hardness and yield strength of ternary Mg-Zn-Nd alloys after adequate thermal treatment [3] . The increase in hardness and strength is caused by the formation of plate-shaped Guinier-Preston (GP) zones and Mg 3 Nd phases [5] . The addition of Zn to Mg-RE alloys decreases the required concentrations of RE additions for achieving mechanical properties similar to binary Mg-RE alloys. This is beneficial for the adoption of RE-containing Mg alloys in industrial applications (such as the automotive industry) since RE elements are relatively expensive [6] . Yang et al. studied the mechanical properties and microstructure of Mg-4.5 Zn-x Nd (x = 0, 1, and 2 wt.%) alloys, and the best mechanical properties were obtained in the alloy with smaller amounts of Nd (1 wt.% of Nd) [3] . We also considered Nie's thorough review in which he showed that increased content of Zn (>1.3 wt.%) in Mg-Nd-Zn alloys can cause detrimental effects on the possible precipitation hardening [7] . Therefore, the presented study focuses on low-alloyed magnesium alloy ZN11 (Mg-1 wt.% Zn-1 wt.% Nd).
Solid solution strengthening and precipitation hardening are very effective and important in all magnesium alloys. Additionally, grain boundary strengthening is capable of further improving mechanical properties. Severe plastic deformation techniques are very useful methods for preparing ultrafine-grained materials.
Equal-channel angular pressing (ECAP) is a severe plastic deformation (SPD) technique based on repetitive simple shear. The facility for ECAP is comparatively simple and it is easily scaled-up to produce materials with reasonably large dimensions [8] . Various magnesium alloys were successfully prepared by ECAP, and the obtained microstructures were ultrafine-grained or even nanostructured (depending on the ECAP process parameters, especially ECAP temperature, and on the processed material-the amount and type of alloying elements and previous thermo-mechanical treatments) [9] [10] [11] . Zhao et al. investigated Mg-3.0Nd-0.4Zn-0.5Zr alloy, prepared by integrated extrusion and ECAP, and an ultrafine-grained microstructure with an average grain size of~0.5 µm was obtained [12] . Zhang et al. prepared a Mg-2.0Nd-0.2 wt.% Zn alloy by friction stir processing, which resulted in grain refinement to~2 µm [13] . Analogous grain refinement to the grain size of~2 µm was achieved by Dvorský et al. in a similar Mg-3.0Nd-0.5Zn alloy, processed by hot extrusion only [14] .
Properties of low-alloyed Mg-Nd-Zn alloys processed by the SPD method have not yet been properly studied.
In this contribution, the low-alloyed magnesium alloy ZN11-prepared by extrusion and ECAP-was investigated with a focus on microstructure, texture, secondary phases, and mechanical properties.
Materials and Methods
The experimental magnesium alloy ZN11 (Mg-1 wt.% Zn-1 wt.% Nd) was cast in Helmholtz-Zentrum Geesthacht, Germany, and extruded at 400 • C, with an extrusion ratio of 30 and a crosshead speed of 1 mm/s. Bars with the cross-section 10 × 10 mm 2 were machined from the extruded rod. Samples with a length of 10 cm were processed by ECAP, with the die having the inner angle of 90 • , following route B C [15] . The processing temperatures and pressing speeds for ZN11 after extrusion are shown in Table 1 . Each pass of the ECAP process was performed at the lowest possible temperature, because deformation temperature has a very strong effect on the resulting microstructure and mechanical properties, as was shown in the AX41 magnesium alloy by Krajňák et al. in [16] and for other materials [17] [18] [19] [20] [21] [22] . Note that further decrease of the processing temperature would lead to occurrence of cracking and billet segmentation. Four conditions were investigated in this study: as-extruded (EX) condition, and conditions after one pass through ECAP (1P), four passes (4P), and eight passes (8P). The microstructure of all samples was investigated by scanning and transmission electron microscopy (SEM, TEM). An SEM Zeiss Auriga Compact (Zeiss, Oberkochen, Germany), equipped with an EDAX electron backscattered diffraction (EBSD) camera (EDAX Inc., Mahwah, NJ, USA), was used for the investigation of the grain structure. EBSD analysis was performed with a scan size of 400 × 400 µm 2 and a step size of 0.4 µm in the case of the extruded sample, and a scan size of 100 × 100 µm and step size of 0.1 µm in the case of the samples processed by ECAP. The raw data were partially cleaned in OIM TSL software (EDAX Inc., Mahwah, NJ, USA) using one step of confidence index (CI) standardization and one step of grain dilatation. Note that only points with CI > 0.1 were used for calculations. Analysis regarding occurrence of twinning in the pre-deformed sample was performed by in-built feature in OIM TSL software. Only one type of twin, tension twin 1012 1011 (the misorientation angle between the matrix and the twin-86.4 • around a -axis), was observed. TEM JEOL 2200FS (JEOL USA Inc., Peabody, MA, USA), operating at 200 kV, was used for secondary phase analysis. Samples for EBSD measurements and thin TEM discs were mechanically prepared and subsequently ion-polished using a Leica EM RES102 (Leica Microsystems GmbH, Wien, Austria). The texture of the initial as-extruded condition was investigated by an X-ray PANalytical XPert MRD diffractometer (XRD) (Malvern Panalytical Ltd, Grovewood Road Malvern, UK). Cu K radiation and polycapillaries in the primary beam were employed during the measurements. The full pole figures were calculated using MTEX software (TU Chemnitz, Chemnitz, Germany) [23] .
Mechanical properties were studied using the Vickers microhardness measurement and compression and tensile deformation tests. Microhardness measurements were performed by a Qness Q10 device (Qness GmbH, Colling, Austria) with a load of 0.5 kg (HV 0.5) for 10 s. Microhardness was measured on a cross-section plane. More than 100 experimental points (indents) were evaluated for each specimen. Compression and tensile deformation tests were performed using a universal testing device (Instron 5882, Instron, Coronation Road, Buckinghamshire, UK). Compression tests were performed on cuboid specimens with the aspect ratio of 2:3 (4 × 4 × 6 mm 3 ). The samples were machined with the deformation axis parallel to the extrusion direction (ED), normal direction (ND) and transverse direction (TD), see Figure 1 . Note that compression tests along ND and TD were performed only for the 8P sample. Tensile deformation tests were performed only for the 8P sample along ED. Bone-shaped flat samples with a rectangular cross-section of 4 × 1.4 mm 2 and a gauge length of 10 mm were machined. At least three samples for each combination of deformation axis, deformation direction and materials condition were tested. Finally, the true stress-strain curves were calculated from the engineering stress-strain curves (see [24] , for example).
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Results

As-Extruded Condition
The initial, as-extruded, microstructure of the investigated alloy was studied by EBSD, TEM, and XRD. Figure 2a shows the EBSD orientation map revealing the grain structure of the material. It is clear that extrusion resulted in a significant grain refinement, and the formation of a homogeneous, fully recrystallized microstructure. The grain size-determined as the average value weighted by the area fraction-was ~11 µm. 
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The presence of small secondary phase particles is clearly seen in the TEM micrograph in Figure 2b . Many grain boundaries are decorated by small particles in a necklace-like formation. Local chemical analysis and selected area electron diffraction confirmed that the particles are stable γ-phase Mg 3 (Nd, Zn), face-centered cubic (FCC) structure, Fm3m, with a = 0.70 nm [7] . The size of the γ-phase particles varied from~100 nm to 1 µm. In addition, Figure 2b discloses that the grain interiors are almost strain-free.
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Microstructure after ECAP
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Significant grain refinement was observed in specimens processed by an increasing number of ECAP passes. The corresponding EBSD orientation maps of 1P, 4P, and 8P samples are shown in Figure 4a -c, respectively. As is typical for many other Mg alloys, the first pass resulted in the formation of a non-homogeneous microstructure. Grain refinement occurred particularly along the former grain boundaries, and large grains were heavily deformed, as manifested by the variation of colors in individual grains. The large grains of up to 20 µm in diameter were surrounded by small grains with a size of 3 µm. Increasing strain imposed on the material by successive ECAP passes resulted in the higher degree of refinement, and ultimately in the homogenization of the microstructure. The average grain size determined in the 4P and 8P samples was~2.6 and~1.5 µm, respectively. Figure 5 shows the pole figure measured in the 8P sample. The texture exhibits the typical basal slip component, which corresponds to grains with c-axes tilted by 45 • from the ED. However, a significant volume fraction of grains was oriented with the c-axis perpendicular to the processing direction. As a result, the basal slip texture component reached a texture strength of only~9. Note that the texture strength of this component was found to be more than 15 in low-alloyed Mg alloys without rare earth elements [27, 28] . formation of a non-homogeneous microstructure. Grain refinement occurred particularly along the former grain boundaries, and large grains were heavily deformed, as manifested by the variation of colors in individual grains. The large grains of up to 20 µm in diameter were surrounded by small grains with a size of 3 µm. Increasing strain imposed on the material by successive ECAP passes resulted in the higher degree of refinement, and ultimately in the homogenization of the microstructure. The average grain size determined in the 4P and 8P samples was ~2.6 and ~1.5 µm, respectively. Figure 5 shows the pole figure measured in the 8P sample. The texture exhibits the typical basal slip component, which corresponds to grains with c-axes tilted by 45° from the ED. However, a significant volume fraction of grains was oriented with the c-axis perpendicular to the processing direction. As a result, the basal slip texture component reached a texture strength of only ~9. Note that the texture strength of this component was found to be more than 15 in low-alloyed Mg alloys without rare earth elements [27, 28] . In contrast to the as-extruded condition, the distribution of secondary phase particles in the ECAPed specimens was rather homogeneous, that is, they are distributed both along grain boundaries as well as in grain interiors. The size of the particles did not significantly change during the ECAP straining. Interestingly, significant residual strain was observed in the 8P sample (see Figure 7a ). Moreover, higher magnification shows that the magnesium matrix contains also a large number of tiny secondary phase precipitates (see Figure 7b ). They were identified as ordered Guinier-Preston (GP) zones (hcp, a = 0.556 nm, monolayer 0001 disc) and their presence has already been reported elsewhere [7] . It should be noted, however, that these GP zones were not observed in all grains of the 8P sample. formation of a non-homogeneous microstructure. Grain refinement occurred particularly along the former grain boundaries, and large grains were heavily deformed, as manifested by the variation of colors in individual grains. The large grains of up to 20 µm in diameter were surrounded by small grains with a size of 3 µm. Increasing strain imposed on the material by successive ECAP passes resulted in the higher degree of refinement, and ultimately in the homogenization of the microstructure. The average grain size determined in the 4P and 8P samples was ~2.6 and ~1.5 µm, respectively. Figure 5 shows the pole figure measured in the 8P sample. The texture exhibits the typical basal slip component, which corresponds to grains with c-axes tilted by 45° from the ED. However, a significant volume fraction of grains was oriented with the c-axis perpendicular to the processing direction. As a result, the basal slip texture component reached a texture strength of only ~9. Note that the texture strength of this component was found to be more than 15 in low-alloyed Mg alloys without rare earth elements [27, 28] . TEM investigation of the microstructure of specimens after different numbers of ECAP passes is consistent with the grain refinement observed by EBSD (compare Figures 6 and 7 with Figure 4a-c) . In contrast to the as-extruded condition, the distribution of secondary phase particles in the ECAPed specimens was rather homogeneous, that is, they are distributed both along grain boundaries as well as in grain interiors. The size of the particles did not significantly change during the ECAP straining. Interestingly, significant residual strain was observed in the 8P sample (see Figure 7a) . Moreover, higher magnification shows that the magnesium matrix contains also a large number of tiny secondary phase precipitates (see Figure 7b ). They were identified as ordered Guinier-Preston (GP) zones (hcp, a = 0.556 nm, monolayer 0001 disc) and their presence has already been reported elsewhere [7] . It should be noted, however, that these GP zones were not observed in all grains of the 8P sample. TEM investigation of the microstructure of specimens after different numbers of ECAP passes is consistent with the grain refinement observed by EBSD (compare Figures 6 and 7 with Figure 4a-c) . In contrast to the as-extruded condition, the distribution of secondary phase particles in the ECAPed specimens was rather homogeneous, that is, they are distributed both along grain boundaries as well as in grain interiors. The size of the particles did not significantly change during the ECAP straining. Interestingly, significant residual strain was observed in the 8P sample (see Figure 7a) . Moreover, higher magnification shows that the magnesium matrix contains also a large number of tiny secondary phase precipitates (see Figure 7b ). They were identified as ordered Guinier-Preston (GP) zones (hcp, a = 0.556 nm, monolayer (0001) α disc) and their presence has already been reported elsewhere [7] . It should be noted, however, that these GP zones were not observed in all grains of the 8P sample. 
Mechanical Properties
A significant change in the microstructure after ECAP alters the mechanical strength of the investigated material. In this report, we investigated microhardness as a multiaxial loading as well as compression/tensile tests as a uniaxial loading.
The resulting microhardness measurements shown in Table 2 reveal that the mechanical strength increased with the increasing number of ECAP passes, and in the final condition (8P), the microhardness was 1.5 times higher than in the as-extruded condition. Additionally, the yield compression strength (YCS) determined from flow curves (shown in Figure 8a ) increased more rapidly (see Table 2 ). The YCS of the 8P sample was roughly 2.4 times higher than in the case of the as-extruded condition. The differences in the microhardness evolution and the evolution in ultimate tensile strength in uniaxial loading are usually caused by the changes in texture. The flow curves of all samples deformed in compression exhibited an S-shape character, which indicates the activation of twinning [29] . Moreover, the sharp yield point was observed in the 8P sample, which is quite unusual in magnesium-based materials. In order to reveal the possible effect of texture, compression tests in two mutually perpendicular directions (ED, transverse direction (TD)) were performed, and a tension test was performed along the processing direction (ED). The resulting flow curves are 
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Discussion
The as-extruded condition exhibited a fully recrystallized and homogeneous microstructure with relatively small grains and weak texture. Comparable texture was previously observed in the same alloy [30] and also in the binary Mg-Nd alloy [31] , and is directly connected with the presence of the rare earth elements in the material. TEM investigation revealed that the secondary phase particles are mainly formed along the grain boundaries and belong to the stable γ-phase. Their inhomogeneous distribution probably resulted from the slow cooling rate after the extrusion.
Processing by ECAP resulted in additional grain refinement. Homogeneous microstructures with an average grain size of 1.5 µm were achieved after eight passes of the ECAP, which is common for similarly processed magnesium alloys [27, 28, [32] [33] [34] [35] . However, the studied ZN11 alloy showed enhanced strength despite the comparable grain refinement. As mentioned above, the measured increase in microhardness was by a factor of 1.5, while YCS increased by a factor of 2.5. A larger relative effect on yield stress than on microhardness is rather common; however, note that the initial material has a different grain structure in different studies [27, 28, 32, 36] . Therefore, the effect of the processing on the enhanced microhardness can be analyzed with the use of the Hall-Petch (HP) plot shown in Figure 10 . 
Processing by ECAP resulted in additional grain refinement. Homogeneous microstructures with an average grain size of 1.5 µm were achieved after eight passes of the ECAP, which is common for similarly processed magnesium alloys [27, 28, [32] [33] [34] [35] . However, the studied ZN11 alloy showed enhanced strength despite the comparable grain refinement. As mentioned above, the measured increase in microhardness was by a factor of 1.5, while YCS increased by a factor of 2.5. A larger relative effect on yield stress than on microhardness is rather common; however, note that the initial material has a different grain structure in different studies [27, 28, 32, 36] . Therefore, the effect of the processing on the enhanced microhardness can be analyzed with the use of the Hall-Petch (HP) plot shown in Figure 10 . The HP plot has a linear character, which indicates the grain boundary validity of the Hall-Petch relation for the studied processed samples. However, the HP slope coefficient calculated from Figure 10 was ~50 HV.µm 1/2 , which is a higher value than in the Mg-Al-Zn-and Mg-Al-RE-based alloys processed similarly [28, 37] . Due to lower alloying, the studied alloy has lower microhardness in its coarse-grained condition, and the effect of grain refinement is enhanced. Additionally, other strengthening mechanisms may act concurrently with the grain refinement. For instance, dislocation density observed in the 8P sample was significant, contrary to the previously studied alloys in [28, 37] . Furthermore, TEM analysis showed that ECAP processing of the studied alloy caused the formation of GP zones. Consequently, the higher HP coefficient can be explained by the synergic effect of these three phenomena acting together. However, the contribution of each strengthening factor cannot be differentiated from the investigated samples. The HP plot has a linear character, which indicates the grain boundary validity of the Hall-Petch relation for the studied processed samples. However, the HP slope coefficient calculated from Figure 10 was~50 HV.µm 1/2 , which is a higher value than in the Mg-Al-Zn-and Mg-Al-RE-based alloys processed similarly [28, 37] . Due to lower alloying, the studied alloy has lower microhardness in its coarse-grained condition, and the effect of grain refinement is enhanced. Additionally, other strengthening mechanisms may act concurrently with the grain refinement. For instance, dislocation density observed in the 8P sample was significant, contrary to the previously studied alloys in [28, 37] . Furthermore, TEM analysis showed that ECAP processing of the studied alloy caused the formation of GP zones. Consequently, the higher HP coefficient can be explained by the synergic effect of these three phenomena acting together. However, the contribution of each strengthening factor cannot be differentiated from the investigated samples.
On the other hand, the increase in YCS was significantly higher than the increase in microhardness. This discrepancy can be explained by the texture evolution after ECAP. Note that the formation of the "rare earth texture" after the extrusion causes texture softening during uniaxial deformation along the extrusion direction [30] . A high volume fraction of grains had their c-axis rotated~45 • from the processing direction. Therefore, the activation of a basal slip system during uniaxial deformation along the extrusion direction is significantly facilitated. Figure 11a ,b shows calculated distributions of the Schmid factor (SF) for all major deformation mechanisms for both extrusion and 8P conditions, when loaded in compression along the processing direction. The calculation was performed in MTEX software from raw EBSD data [23] . The SF for each point and each deformation mode was calculated and the resulting histograms were plotted.
A relatively sharp distribution of the SF for basal slip, with a maximum at SF = 0.5, turned to broad distribution, with maximum at SF = 0 after ECAP. It should be stressed that this texture development in the investigated alloy is quite uncommon compared to other Mg alloys. Usually, the initial as-extruded condition has a sharp 1010 fiber texture, causing low values of SF for basal slip but high values of SF for twinning. ECAP processing results in the formation of a sharp and strong basal slip texture component, representing grains having their c-axis rotated by~45 • from all major axes. Consequently, significant texture softening occurs, which usually overwhelms grain boundary strengthening [27, 28] . Therefore, the reason for the significantly higher increase of YCS as compared to HV values in the investigated alloy is the different texture evolution during ECAP. In magnesium alloys, the texture is typically formed during ECAP by the pronounced activation of a basal slip, or by combined activation of basal and non-basal slip systems [28, 32] . The texture development in the investigated alloy can be explained according to the recently reported model on a ZN12 alloy. It was shown that a prismatic slip system has a relatively high activity during the hot rolling of the ZN12 alloy, and its effect on the texture is maintained by retarded recrystallization kinetics [38] . High activity of prismatic slip systems during ECAP causes a rotation of grains with their c-axis perpendicular to the processing direction (for details, see [28] , for example). Consequently, significant grain boundary strengthening is even more promoted by the texture strengthening resulting from the processing.
However, a high volume fraction of grains having their c-axis perpendicular to the processing direction is favorable for the activation of tensile twinning during compression along the processing direction. This is also clearly visible in Figure 11b , where the distribution of the SF for tensile twinning is shown as well. High activity of twinning during the compression test also explains the formation of the sharp yield point in the ED-curve. It was shown previously that the formation of twin bands in the microstructure (Figure 9 ) can cause a drop in stress [39] . In order to compare changes in the deformation direction with the calculated SF for twinning, see Figures 11 and 12 , which prove unambiguously that the probability of activation twinning in tension is significantly inferior to that in compression. On the other hand, the increase in YCS was significantly higher than the increase in microhardness. This discrepancy can be explained by the texture evolution after ECAP. Note that the formation of the "rare earth texture" after the extrusion causes texture softening during uniaxial deformation along the extrusion direction [30] . A high volume fraction of grains had their c-axis rotated ~45° from the processing direction. Therefore, the activation of a basal slip system during uniaxial deformation along the extrusion direction is significantly facilitated. Figure 11a,b shows calculated distributions of the Schmid factor (SF) for all major deformation mechanisms for both extrusion and 8P conditions, when loaded in compression along the processing direction. The calculation was performed in MTEX software from raw EBSD data [23] . The SF for each point and each deformation mode was calculated and the resulting histograms were plotted.
A relatively sharp distribution of the SF for basal slip, with a maximum at SF = 0.5, turned to broad distribution, with maximum at SF = 0 after ECAP. It should be stressed that this texture development in the investigated alloy is quite uncommon compared to other Mg alloys. Usually, the initial as-extruded condition has a sharp 101 0 fiber texture, causing low values of SF for basal slip but high values of SF for twinning. ECAP processing results in the formation of a sharp and strong basal slip texture component, representing grains having their c-axis rotated by ~45° from all major axes. Consequently, significant texture softening occurs, which usually overwhelms grain boundary strengthening [27, 28] . Therefore, the reason for the significantly higher increase of YCS as compared to HV values in the investigated alloy is the different texture evolution during ECAP. In magnesium alloys, the texture is typically formed during ECAP by the pronounced activation of a basal slip, or by combined activation of basal and non-basal slip systems [28, 32] . The texture development in the investigated alloy can be explained according to the recently reported model on a ZN12 alloy. It was shown that a prismatic slip system has a relatively high activity during the hot rolling of the ZN12 alloy, and its effect on the texture is maintained by retarded recrystallization kinetics [38] . High activity of prismatic slip systems during ECAP causes a rotation of grains with their c-axis perpendicular to the processing direction (for details, see [28] , for example). Consequently, significant grain boundary strengthening is even more promoted by the texture strengthening resulting from the processing.
However, a high volume fraction of grains having their c-axis perpendicular to the processing direction is favorable for the activation of tensile twinning during compression along the processing direction. This is also clearly visible in Figure 11b , where the distribution of the SF for tensile twinning is shown as well. High activity of twinning during the compression test also explains the formation of the sharp yield point in the ED-curve. It was shown previously that the formation of twin bands in the microstructure (Figure 9 ) can cause a drop in stress [39] . In order to compare changes in the deformation direction with the calculated SF for twinning, see Figures 11 and 12 , which prove unambiguously that the probability of activation twinning in tension is significantly inferior to that in compression. 
Conclusions
Low-alloyed magnesium alloy ZN11 was processed by hot extrusion and ECAP. The microstructure, texture, and mechanical properties were studied in detail and the main results can be summarized as follows:
The microstructure of the sample after 8 ECAP passes is fine-grained (with an average grain size of 1.5 µm) and contains significant residual strain and a large number of tiny secondary phase precipitates, which were identified as ordered Guinier-Preston zones.
The mechanical strength increased with an increasing number of ECAP passes. In the specimen after 8 ECAP passes, the microhardness was 1.5 times higher than that of the as-extruded condition. However, the yield compression strength (YCS) increased more rapidly. The YCS of the 8P sample was roughly 2.4 times higher than that of the as-extruded condition.
The effect of texture on deformation mechanisms was studied and Schmid factors were calculated. Measurements and calculations exposed the significant activity of tensile twinning 101 2 during compression loading in the ED, whereas work-hardening predominantly mediated by slip activity was observed during tensile loading in the extrusion direction. 
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Conclusions
The effect of texture on deformation mechanisms was studied and Schmid factors were calculated. Measurements and calculations exposed the significant activity of tensile twinning 1012 during compression loading in the ED, whereas work-hardening predominantly mediated by slip activity was observed during tensile loading in the extrusion direction.
